T HE HIGH PREVALENCE OF BREAST
cancer survivors is due to general gains in life expectancy and to improved survival in women with a personal history of breast cancer (PHBC), attributable to improvements in local and systemic treatments and early detection. Women with PHBC are at risk of developing second breast cancers, which can be ipsilateral (in-breast recurrence or new ipsilateral cancer) or contralateral; risk of a second breast cancer was recently estimated at 5.4 to 6.6 per 1000 womanyears. 1 The consensus is that PHBC women may benefit from early detection of second breast cancers, although evidence of screening benefit in these women comes from nonrandomized studies [2] [3] [4] [5] and extrapolation of benefit from randomized population mammography screening trials. Screening or surveillance mammography (referred to here as screening) 1, 6 is usually recommended by guidelines and consensus recommendations for follow-up of PHBC women. [7] [8] [9] [10] [11] [12] Several reviews have concluded that little quality evidence is available on mammography screening accuracy in PHBC women 6, 13, 14 ; most studies are based on selected series, are limited to women who had second breast cancers or further breast surgery, 3, 6, [15] [16] [17] [18] or use methods that do not allow estimation of specificity. 6 Studies of screening in PHBC women predominantly report only the proportion of second cancers detected by mammography, in the range of 10% to 80%. 6, 13, 14 Standard measures of screening performance in PHBC women, such as cancer detection rates or interval cancer rates for ipsilateral and contralateral cancers, are not available from screening programs. Furthermore, interest exists in using adjunct imaging such as higher-cost magnetic resonance imaging to screen PHBC women 19, 20 despite lack of reliable data on mammography screening in these women.
Valid estimates of the accuracy of screening mammography are therefore needed to guide clinical practice and policy in this setting and to inform clinicians and PHBC women of expected screening outcomes. This study examines the accuracy and outcomes of screening mammography and factors associated with screening outcomes in women with a PHBC who participated in mammography screening through facilities affiliated with the Breast Cancer Surveillance Consortium (BCSC). Context on screening mammography outcomes from the same practices in women of approximately population risk came from a comparison group with no reported breast cancer history and with a mammogram matched to PHBC women on breast density, age group, and mammography registry and year.
METHODS

Setting
Participants were women receiving mammograms at facilities in 5 of the 7 mammography registries of the National Cancer Institute-funded BCSC, which collects demographic and mammography information from women undergoing mammography at participating community-based facilities. Each registry links data on screened women to their state or the Surveillance, Epidemiology, and End Results cancer registries to ascertain breast cancer diagnoses. Five registries collect both cancer registry and pathology outcomes data for complete capture of second cancers and were sources for this study: Carolina Mammography Registry (North Carolina), Group Health Breast Cancer Screening Project (Washington State), New Hampshire Mammography Network, New Mexico Mammography Project, and Vermont Breast Cancer Surveillance System. Information about the BCSC is available at http://breastscreening.cancer.gov/.
Each registry and the BCSC Statistical Coordinating Center received institutional review board approval for either active or passive consenting processes or a consent waiver to enroll women, link data, and perform analytic studies. All procedures are Health Insurance Portability and Accountability Act compliant, and all registries and the Statistical Coordinating Center received a federal certificate of confidentiality and other protection for identities of women, physicians, and facilities in this research.
Screening Examinations
Screening mammograms from 1996 to 2007 in PHBC women were identified. Women (44 509) with an initial earlystage breast cancer, 1 including diagnoses of ductal carcinoma in situ or American Joint Committee on Cancer 21 stage I to II invasive carcinoma, were eligible for inclusion. Cancer registry and pathology databases were used to ascertain whether a woman had a breast cancer diagnosis, the diagnosis date, and cancer characteristics. Excluded were women with bilateral mastectomy for first cancer. A mammogram performed at least 6 months after first breast cancer diagnosis was defined as screening if it was indicated as a routine screen by the radiologist or technologist, not within 9 months of a previous breast imaging examination, not a unilateral mammogram in a woman with breast-conserving surgery, and not from a woman selfreporting a lump or nipple discharge. Screening mammograms with at least 1 year of follow-up for ascertaining second cancer diagnoses were included. Women meeting the inclusion criteria and receiving at least 1 screening mammogram with a final Breast Imaging Reporting and Data System (BI-RADS) 22 assessment of 0 to 5 were eligible (eFigure, available at http://www.jama .com).
Comparison Group
Screening examinations in non-PHBC women were matched 1:1 to screens of PHBC women, based on Breast Imaging Reporting and Data System 22 breast density, 10-year age group, and mammography registry and year. Screening mammograms were defined with BCSC definitions with criteria similar to those of PHBC women (bilateral mammogram indicated for screening in women with no reported symptoms, no mammogram in the previous 9 months, and at least 1 year of follow-up).
23
Demographic Characteristics
Age group, self-reported race/ ethnicity, family breast cancer history, menopausal status, time since last mammogram, and history of breast plastic surgery (implants, reduction, or reconstruction) were collected at the screening.
Cancer Characteristics and Follow-up
Time since first cancer was the difference between the screening mammogram date and the date of first breast cancer diagnosis. For first cancer, type (ductal carcinoma in situ, stage I or II invasive), radiation therapy, adjuvant systemic therapy, and surgery (breastconserving surgery, mastectomy) were computed from all cancer registry records and pathology databases that were within 6 months of initial diagnosis. For missing surgery information, selfreported mastectomy and lumpectomy history (collected at a mammogram within 18 months after diagnosis and before a second cancer diagnosis) was used to impute primary surgery.
In all screening participants, mammograms were considered to be associated with an outcome of breast cancer if ductal carcinoma in situ or invasive carcinoma was observed within 1 year of the screen.
Statistical Analysis and Measures of Accuracy
Because some mammography facilities add spot-compression magnification views to routine screening views as a standard part of screening PHBC women, accuracy measures were based on the final assessment at the end of imaging evaluation, using the BI-RADS 22 scale. If the initial examination assessment was BI-RADS score 0 without biopsy recommendation or was 1, 2, or 3 with immediate follow-up recommendation, we looked for a final assessment in imaging examinations up to 90 days after screening and before breast biopsy. A positive final assessment result included BI-RADS assessments of 4 or 5, or 0 or 3 with recommendation for biopsy, fine-needle aspiration, or surgical consultation. 1, 23, 24 A negative final assessment result included BI-RADS assessments of 1 or 2; assessment of 3 without recommendation for biopsy, fine-needle aspiration, or surgical consultation; or assessment of 0 with normal or shortinterval follow-up recommendation. Final assessment was considered missing if the last BI-RADS assessment was 0 with recommendation for additional imaging, unspecified evaluation, or missing recommendation (eFigure).
Accuracy measures were based on standard BCSC definitions. 23 A positive mammogram result associated with breast cancer diagnosis during follow-up (within 1 year of screen) was defined as a true positive (or false positive if not associated with cancer diagnosis). A negative mammogram result not associated with breast cancer during follow-up was a true negative (or false negative if associated with cancer during follow-up). Cancer rate (number of cancers observed during follow-up among 1000 screening mammograms), cancer detection rate (number of true-positive results among 1000 mammograms), interval cancer rate (number of false-negative results among 1000 mammograms), abnormal interpretation rate (proportion of mammograms found to be positive), and positive predictive value of biopsy recommendation (proportion of positive results associated with cancer diagnosis during follow-up) 25 were based on standard BCSC definitions. 23 Accuracy analyses excluded mastectomyside recurrences (which would not have been examined with mammography) in PHBC women.
Frequency distributions of screens and cancer characteristics were computed separately for screening mammograms in women with and without PHBC and were compared with 2 tests. Accuracy and outcome measures and 95% confidence intervals (CIs) were computed within cohorts and compared with score statistics obtained from generalized estimating equation analyses. In PHBC screens, accuracy and cancer rates were examined by breast density, time since first cancer diagnosis, type of first breast cancer, screening interval, and treatment variables associated with first cancer. Post hoc logistic regression tested for differences in sensitivity by systemic therapy for first cancer (none, chemotherapy, endocrine therapy, or both), adjusting for exact age, breast density, stage and treatment of first cancer, and mammography registry. Generalized estimating equations were used to calculate all CIs and to fit regression models accounting for correlation in women with multiple screening mammograms. P Ͻ .05 (2-sided) was considered statistically significant. Analyses were performed with SAS version 9.2 (SAS Institute, Cary, North Carolina). TABLE 2 reports accuracy measures and outcomes for all screening examinations. Cancer rates were 11.1 per 1000 screens in PHBC women, or 10.5 per 1000, excluding 40 mastectomy-side recurrences that would not have been examined with mammography, relative to 5.8 per 1000 screens in non-PHBC women. Cancer rates, cancer detection rate, and interval cancer rate were 1.3 to 2.6 times higher for PHBC screens compared with matched screens. PHBC screens were more frequently associated with additional imaging (additional mammography views or ultrasonography) than matched screens (18.1% vs 8.3%; P Ͻ .001), which was largely due to more same-day additional imaging in PHBC screens relative to matched screens (12.4% vs 1.3%; PϽ.001) rather than recall for additional imaging (7.1% vs 7.8%; PϽ.001). PHBC women were more likely to have a recommendation for fine-needle aspiration, biopsy, or surgical consultation after assessment (2.2% vs 1.4%; P Ͻ.001). Ultrasonography was performed as part of the evaluation (same day, before, or at final assessment) of positive screening mammogram results (1874 positive screen results) less frequently in PHBCpositive screens than in matched screens (32.3% vs 38.8%; P =.004).
RESULTS
There
Screening sensitivity in PHBC was lower (65.4%; 95% CI, 61.5%-69.0%) compared with that in non-PHBC screens (76.5%; 95% CI, 71.7%-80.7%), PϽ.001. This relatively lower screening sensitivity was largely due to lower sensitivity for detection of invasive cancer in PHBC (61.1%; 95% CI, 56.6%-65.4%) relative to that in the matched group (75.7%; 95% CI, 70.4%-80.3%), PϽ.001. In PHBC screens, cancer detection rate was higher in women whose first cancer was ductal carcinoma in situ relative to invasive cancer (Table 2) , and this was evident for detection of both ductal carcinoma in situ and invasive second cancers. Sensitivity was similar for detection of ipsilateral (66.3%; 95% CI, 60.3%-71.8%) and contralateral cancer (66.1%; 95% CI, 60.9%-70.9%), P=.96; and sensitivity was higher for detection of ductal carcinoma in situ (78.7%; 95% CI, 71.4%-84.5%) than for invasive cancer (61.1%; 95% CI, 56.6%-65.4%), P Ͻ.001.
Accuracy, cancer rates, cancer detection rate, and interval cancer rate in PHBC women are reported by age, breast density, screening interval, time since first cancer diagnosis, type of first cancer, treatment for first breast cancer, and breast plastic surgery history (TABLE 3) (data used in the calculations are shown in eTable 1). TABLE 4 shows screening sensitivity for these variables by second cancer laterality. Accuracy measures, cancer rates, and interval cancer rate were associated with age, although the lower sensitivity in women younger than 50 years was more evident for contralateral cancer detection. Sensitivity and specificity decreased and abnormal interpretation rate, cancer rates, cancer detection rate, and interval cancer rate increased with increasing BI-RADS 22 density categories. Sensitivity was 69.6% (95% CI, 63.3%-75.3%) in less dense breasts (BI-RADS category 1-2) and was higher than the sensitivity of 60.2% (95% CI, 54.0%-66.2%) in more dense breasts (BI-RADS category 3-4), P = .03.
Specificity and positive predictive value increased, sensitivity and cancer detection rate varied, and abnormal interpretation rate decreased with increasing time since first cancer diag- (Table 3) ; however, most PHBC screens occurred between 9 and 14 months after previous mammography. Sensitivity, abnormal interpretation rate, positive predictive value, cancer rates, and cancer detection rate were higher in women with previous ductal carcinoma in situ relative to those with previous invasive cancer (Table 3) , although the sensitivity difference was more evident for detection of ipsilateral (second) cancers (Table 4) .
Specificity was higher and abnormal interpretation rate lower in women who had received mastectomy relative to breast-conserving surgery for first cancer. Radiation therapy was associated with a very small but significant specificity reduction and abnormal interpretation rate increase. Cancer rates, cancer detection rate, and interval cancer rate varied between women who had breast-conserving surgery with or without radiation or mastectomy (Table 3) : the highest cancer detection and interval cancer rates were observed in women treated with breast-conserving surgery without radiation for their first cancer. Sensitivity, abnormal interpretation rate, and positive predictive value were higher in women who had not received any systemic therapies, as were underlying cancer rates and cancer detection rate (Table 3) Sensitivity and positive predictive value were lower in screens with selfreported breast plastic surgery history relative to no plastic surgery (lower sensitivity was more apparent when reduction was excluded), but overall this was not significant ( Table 3 ). The lower sensitivity in screens with selfreported breast plastic surgery was evident mainly for contralateral cancer (Table 4) ; however, the number in this group was small.
Stage and node status for cancers occurring within 1 year of screening are in eTable 2, with generally similar stage distributions for interval cancers in both cohorts, although invasive interval cancers were more likely to be stage I than stage II in PHBC women compared with non-PHBC women. Screen-detected cancers had a favorable profile in PHBC women and matched screens, with the majority being early-stage cancers.
COMMENT
Breast cancer survivors represent an increasing group and are at risk of cancer in the conserved and contralateral breast. To our knowledge, we report the first comprehensive study of accuracy measures of mammography screening in PHBC women that includes both ipsilateral and contralateral breast screening outcomes, providing evidence to inform practice and guide recommendations on mammography screening in PHBC women. 7, 9, 10 Key findings are that mammography screening in PHBC women detects cancers at an early stage but has lower accuracy than screening in women without PHBC, despite a higher rate of additional evaluation and higher underlying cancer rates in PHBC women. Our study also shows that screening mammography in PHBC women has a relatively high interval cancer rate, although most interval cancers in these women had favorable tumor stage profiles.
Because population mammography screening accuracy differs across screening programs and countries, a major strength of our study is integration of matched screens from women without PHBC, providing context on screening accuracy in mammography registries that contributed data to this study and allowing judgment about the generalizability of our findings. It also allows an understanding of mammography screening outcomes and how these differ in PHBC women relative to non-PHBC women, as highlighted in Table 2 . Measures of screening accuracy should, however, be interpreted with awareness that these calculations were based on final assessment (at completion of imaging evaluation). Our design of matching screening mammograms for characteristics including breast density and age group allowed us to validly compare screening accuracy between the 2 groups. Although different numbers of women were required to achieve the necessary mammogram-level matching, our estimates for cancer rates, cancer detection rate, and interval cancer rate are reported per 1000 screening examinations, with follow-up set at 12 months for all screens, allowing unbiased comparison of these rates between the 2 groups. Furthermore, the majority of women in both groups reported having mammography before that included in our analysis (Table 1) ; hence, our estimates represent predominantly incident (repeated) screening outcomes and allow analytically for clustering in women with multiple screens.
In general, screening did not perform as well in PHBC women relative to that in women without PHBC: sensitivity and specificity were lower for PHBC women, and screening examinations were approximately twice as likely to be recommended for additional imaging or biopsy. Screening positive predictive value was similar in both groups, in part because of the higher cancer incidence in PHBC women. Cancer rates, cancer detection rate, interval cancer rate, and the proportion of cancers that were interval cancers were significantly higher in PHBC women, highlighting their higher underlying risk of breast cancer, as well as their relatively lower screening sensitivity. Despite the lower sensitivity, the stage distributionofscreen-detectedcancersshowsthat mammography is effective in detecting early-stagesecondbreastcancersinPHBC women because the majority were ductal carcinoma in situ or stage I cancers. Our findings support annual mammography screening recommendations in PHBC women 7, 8, 10 but also highlight issues needing further evaluation.
We report a relatively high interval cancer rate in PHBC women, even though the majority of screens were conducted between 9 and 14 months after the previous mammogram. We cannot compare our interval cancer rate to that of other studies because, to our knowledge, this is the first report of interval cancer rate for screening PHBC women that factors ascertainment of both ipsilateral and contralateral breast outcomes and a relative interval cancer rate for matched screens in women without PHBC. One other study of populationbased screening of women with PHBC, 26 based on 114 women with contralateral cancer, reported sensitivities of 59.6% overall and 70.8% for the subgroup with annual mammography. Screening specificity was 98.3% and the proportion of contralateral breast cancers that were interval cancers was 34.2% 26 (similar to data in Table 2 ); however, interval cancer rate was not reported. Buist et al 1 recently reported that about one-third of second breast cancers in BCSC women were not screen detected. Comparison of our work with other studies of PHBC women is not appropriate because the latter generally reports the proportion of second cancers detected by mammography in selected series of PHBC women and does not provide valid data on all measures of screening accuracy. 6, 13 We used final assessment to calculate screening accuracy rather than initial interpretation based only on the screening mammogram because a substantial number of PHBC women had additional imaging on the same day as the screen. We were unable to distinguish the extent to which this represented evaluation of screen-detected abnormalities or additional imaging performed as standard of care for PHBC women at some facilities. An absolute estimate of screening "recall rate" that includes callback for additional imaging could therefore not be estimated. Our "abnormal" assessment measure was based on a recommendation for biopsy or surgical consultation, whereas studies of population breast screening accuracy often consider recommendations for additional imaging as a positive result. Thus, our abnormal interpretation rate, sensitivity, and specificity are not directly comparable to the recall rate, sensitivity, and specificity usually reported in population screening evaluations, and studies focusing on PHBC women have not reported screening recall rates. 6, 13 Our study provides valid relative estimates of accuracy measures, including a significantly higher abnormal interpretation rate and lower sensitivity and specificity in PHBC women relative to non-PHBC women. We also found that additional imaging at initial screening was more than twice as frequent among PHBC women, although this was predominantly due to same-day additional imaging in PHBC women.
Screening examinations of PHBC women revealed an approximately 2-fold higher risk of breast cancer during follow-up relative to screens of women without PHBC, matched for age, breast density, mammography registry, and year. Underlying cancer rates were lower in PHBC women who had mastectomy rather than breastconserving surgery for the first cancer and were similar to cancer rates in the matched non-PHBC cohort (Tables 2  and 3) , which is consistent with recent risk models that estimated that lifetime risk of breast cancer in PHBC women is a function of the number of breasts at risk for developing another cancer. 20 This may also partly account for the higher specificity and lower cancer rates found in PHBC women with mastectomy in our data. Our study shows that PHBC women have heterogeneous risk for developing another breast cancer; thus, consideration of a more tailored screening approach might be warranted in some PHBC women, according to our estimates for underlying cancer rates and screening sensitivity. The highest observed cancer rates in our PHBC cohort (Ͼ12 cancers/ 1000 screens, or greater than twice the cancer rates in non-PHBC women) were in women younger than 50 years, women with extremely dense breasts, women with previous ductal carcinoma in situ, women who received breast-conserving surgery without radiation or did not receive any systemic therapy, and those with interscreening interval greater than 2 years.
We were surprised to find higher mammography sensitivity (evident for ipsilateral and contralateral cancer) in women who had not received systemic therapy, for whom underlying cancer rates were also higher compared with those who received chemotherapy or endocrine therapy. Examination of this association, after adjusting for relevant variables, showed significantly reduced sensitivity only in women who received chemotherapy. Because receipt of systemic therapy was based on cancer registry information, the data might have been incomplete. Further research examining whether this finding may be due to potential confounding by biological factors associated with first cancer treatment (for example, hormone receptor status) would be valuable. Similarly, some of our findings should be interpreted with consideration of possible confounding by factors associated with the first cancer and its treatment. For example, the higher cancer rates, cancer detection rate, and screening sensitivity in PHBC women whose first cancer was ductal carcinoma in situ may be reflecting the effect of use of systemic therapy (usually not used for ductal carcinoma in situ and frequently used for invasive cancer), which reduces the risk of another breast cancer, rather than a differential biological susceptibility in women with personal history of ductal carcinoma in situ relative to invasive cancer.
The interval cancer rate we report for PHBC women might raise concerns about whether the potential benefit of screening is fully realized in these women. Although there is interest in adjunct screening for PHBC women, 19, 20, 27 there is no evidence that this improves clinical end points and no consensus regarding which of these women (other than those with proven cancer gene mutations) should have adjunct imaging. Furthermore, despite a relatively high interval cancer rate in PHBC women, interval cancers were predominantly early stage, although the proportion of stage IIB and III cancers was slightly higher than that of non-PHBC interval cancers. Thus, although mammography screening is less sensitive in PHBC women, our study provides evidence that both screendetected and interval cancers are, in general, equally early stage among PHBC women and those without PHBC. These data neither support nor negate a role for adjunct screening in PHBC women but suggest that adjunct screening should be studied in women younger than 50 years, women with denser breasts, or those who received chemotherapy for their first cancer because screening these women had the lowest sensitivity among PHBC women. The data also raise consideration of exploring alternate approaches, such as biomarkers, for future screening in PHBC women. Evaluation of adjunct (or alternate) screening might be considered in PHBC subgroups in whom unacceptably high interval cancer rates were found (for example, interval cancer rate Ն6 cancers/1000 screens), including women younger than 50 years, women with extremely dense breasts, and those who received breast conservation without radiotherapy for their first cancer.
Our findings on interval cancers in PHBC women raise several possibilities. First, PHBC women may have different host factors predisposing them not only to risk of a second breast cancer but also to breast cancers that are less likely to be detected with screening, possibly because of more rapid growth or other tumor biology characteristics. Second, they may partly re-flect higher breast awareness by PHBC women, who might seek help promptly for breast symptoms. Third, assuming that many interval cancers in PHBC women are symptomatic diagnoses is reasonable, but some interval cancers may be due to adjunct screening (magnetic resonance imaging or ultrasonography) occurring in between mammography screenings. We did not have data to examine adjunct screening as a possible explanation for the early-stage interval cancers in PHBC women, but guidelines for magnetic resonance imaging screening in high-risk women were available at the end of our study. 19 This study provides evidence that screening mammography detects earlystage breast cancers in PHBC women but has lower accuracy relative to screening women without PHBC. Despite a relatively high interval cancer rate, interval cancers in PHBC women had generally favorable stage distributions. Our work also shows that screening outcomes and breast cancer rates in PHBC women are associated with various factors, including the treatment received for the first cancer, so these women have heterogeneous underlying risks for a second breast cancer, and a more tailored screening strategy than currently recommended might be warranted.
